This paper contains the first empirical applications of a novel methodology for comparing the citation distributions of research units working in the same homogeneous field. The paper considers a situation in which the world citation distribution in 22 scientific fields is partitioned into three geographical areas: the U.S., the European Union (EU), and the rest of the world (RW). Given a critical citation level (CCL), we suggest using two real valued indicators to describe the shape of each area's distribution: a high-and a low-impact measure defined over the set of articles with citations below or above the CCL. It is found that, when the CCL is fixed at the 80th percentile of the world citation distribution, the U.S. performs dramatically better than the EU and the RW according to both indicators in all scientific fields. This superiority generally increases as we move from the incidence to the intensity and the citation inequality aspects of the phenomena in question. Surprisingly, changes observed when the CCL is increased from the 80th to the 95th percentile are of a relatively small order of magnitude. Finally, it is found that international co-authorship increases the high-impact and reduces the low-impact level in the three geographical areas. This is especially the case for the EU and the RW when they cooperate with the U.S.
Introduction
In Albarrán, Ortuño, and Ruiz-Castillo (2011) , we presented a novel methodology for the evaluation of the scientific performance of research units of a certain size working in the same homogeneous field, namely, a scientific field where the number of citations received by any two papers is comparable independently of the journal in which they have been published. It is well known that citation distributions are highly skewed. Correspondingly, the upper and the lower part of any citation distribution are typically very different. This is the reason why, given a critical citation level (CCL hereafter), we suggest using two indicators to describe this key feature of a citation distribution: a high-and a low-impact measure defined over the sets of articles with citations above and below the CCL. This paper contains the first empirical applications of such an approach to a situation in which the world citation distribution in a given field is partitioned into three geographical areas: articles with at least one author working in a research institution (i) in the U.S.; (ii) in the EU, namely, the 15 countries forming the European Union before the 2004 accession, or (iii) in any other country of the rest of the world (RW hereafter). For that purpose, we use a large sample acquired from Thomson Scientific (TS) consisting of 3.6 million articles published in 1998-2002, as well as the more than 28 million citations they receive when a five-year citation window is used. We focus on the case in which homogeneous fields are identified with the 20 natural sciences and the 2 social sciences distinguished by TS. The CCL in each field is set equal to the number of citations received by papers in the 80th percentile of the world citation distribution of the field in question.
Borrowing results from the economic literature, Albarrán, Ortuño, and Ruiz-Castillo (2010c) show that the ranking induced by a family of low-impact measures that satisfy a number of basic and other admissible properties essentially coincide with that obtained from a family of indices originally suggested by Foster, Greeer, and Thorbecke (1984) for the measurement of economic poverty. Those same properties lead to the selection of an equally convenient class of decomposable high-impact measures that is the counterpart of the family just mentioned. Moreover, the two families in questionthat will be referred to as the FGT high-and low-impact families -satisfy a number of other properties that might be useful in practice.
In this paper we use three members of the FGT families that capture different dimensions of the phenomena to be measured. To appreciate this point, let us focus for a moment on the measurement of high-impact in the U.S. citation distribution in a certain scientific field. The first member of the FGT family is equal to the percentage of high-impact papers in the field that have been written in the U.S., capturing what we call the incidence of the high-impact phenomenon. In addition, the second member of the family incorporates a measure of the aggregate gap between the actual number of citations received by each high-impact paper in the U.S. and the CCL, that is, a measure of the intensity of the phenomenon in question. Finally, together with the incidence and the intensity, the third member of the family includes a measure of the citation inequality among U.S. high-impact papers 1 . The empirical questions studied in this first application of our methodology are the following four:
(i) How does the situation of each geographical area in each field vary when, given a CCL, the incidence, the intensity and the inequality aspects of the high-and low-impact characteristics of their citation distributions are successively taken into account? (ii) What is the relationship, if any, between high-and low-impact levels and publishing shares across areas in each field, and between high-and low-impact levels and publishing efforts across fields in each area? (iii) How does the high-and low-impact relative situation of each area in each field vary when the CCL is increased? (iv) Given a CCL, is it the case that different types of international co-authorship always improve the scientific performance of any geographical area by raising the high-impact measure and/or lowering the low-impact indicator? Which geographical area is more dependent on the good performance of internationally co-authored papers?
The rest of this paper is organized into four sections and an Appendix. Section 2 introduces the FGT families of high-and low-impact indicators that will be used in the empirical part. Section 3 presents the data, while some basic computations are relegated to Appendix A. Section 4 contains the empirical findings about the scientific performance of the U.S., the EU, and the RW in 22 homogeneous fields, including the effect of international co-authorship in each geographical area. Finally, Section 5 discusses the results and offers some conclusions.
Notation and definitions

Notation
A discrete citation distribution of papers published in a given year is a non-negative vector x = (x 1 ,. . ., x i, . . ., x n ), where x i ≥ 0 is the number of citations received by the ith article over a certain number of years since its publication date -a period known as the citation window. Given a distribution x and a positive CCL, z > 0, classify as low-or high-impact articles all papers with citation x i ≤ z, or x i > z. Denote by n(x) the total number of articles in the distribution, and by l(x; z) and h(x; z) = n(x) − l(x; z) the number of low-and high-impact articles. A low-impact index is a real valued function L whose typical value L(x; z) indicates the low-impact level associated with the distribution x and the CCL z, while a high-impact index is a real valued function H whose typical value H(x; z) indicates the high-impact level associated with the distribution x and the CCL z.
Given a citation distribution x and a CCL z, define the normalized low-impact gap for any article with x i citations by
Thus, i ≥ 0 for low-impact articles, while i = 0 for high-impact articles. Similarly, define the normalized high-impact gap by
Thus, * i > 0 for high-impact articles, while * i = 0 for low-impact articles.
1 Egghe, Rousseau, and Rousseau (2007) develop a methodology -TOP-Curves-to provide an (incomplete) ranking of citation distributions that takes into account the incidence, the intensity, and the citation inequality dimensions of their high-impact articles. Rousseau, Verbeke, and Rousseau (2009) contains the first empirical application of this methodology in scientometrics for the evaluation of environmental and resource economics journals.
The FGT family of low-and high-impact indicators
The FGT family of low-impact indicators, originally introduced in Foster, Greeer, and Thorbecke (1984) for the measurement of economic poverty, is a function of normalized low-impact gaps defined by Lˇ(x; z) = 1 n(x) ˙l
The class of FGT high-impact indicators is a function of normalized high-impact gaps defined by
)ˇ, 0 ≤Ǐ t will be sufficient to understand the differences involved in the use of the members of these two classes for parameter valuesˇ= 0, 1, and 2. Firstly, note that the high-and low-impact indices obtained whenˇ= 0 coincide with the proportion of high-or low-impact papers 2 :
and
Of course, H 0 (x; z) + L 0 (x; z) = 1, so that if H 0 (x; z) changes, then L 0 (x; z) must change in the opposite direction. Secondly, consider the high-impact index corresponding to the parameter valueˇ= 1, or the per-article high-impact gap ratio:
This convenient high-impact indicator represents the surplus of citations actually received by high-impact articles above the CCL. Similarly, the member of the FGT family of low-impact indicators forˇ= 1, or the per-article low-impact gap ratio, is equal to
This low-impact indicator represents the minimum number of citations required to bring all low-impact articles to the CCL. Denote by H (x) and L (x) the MCR of high-and low-impact articles. It can be shown that H 1 (x; z) = H 0 (x; z)H I (x; z) and L 1 (x; z) = L 0 (x; z)L I (x; z), where
The indices H I and L I are said to be monotonic in the sense that one more citation among high-or low-impact articles increases H I or decreases L I . Therefore, while H 0 and L 0 only capture what we have called the incidence of the high-and low-impact aspects of any citation distribution, H 1 and L 1 capture both the incidence and the intensity of these phenomena.Thirdly, the high-and low-impact members of the FGT families obtained whenˇ= 2 can be expressed as
where (C H ) 2 and (C L ) 2 are the squared coefficient of variation (that is, the ratio of the standard deviation over the mean) among the low-and high-impact articles, respectively. Therefore, H 2 and L 2 simultaneously cover the incidence, the intensity, and the citation inequality aspects of the high-and low-impact phenomenon they measure (for other properties of the FGT families of indicators, see Section 3 and Table 2 in Albarrán et al., 2010c) .
A description of the data
The sample
TS indexed journal articles include research articles, reviews, proceedings papers and research notes. In this paper, only research articles, or simply articles, are studied. The key assumption that permits the linkage between theoretical concepts and the data is the identification of the 20 natural sciences and the two social sciences distinguished by TS with the homogeneous fields defined in Section 1. We are interested in solidly establishing the relative situation of three large geographical areas -the U.S., the EU, and the RW -in all fields. Since many of them are rather small (nine of the fields represent less than 2% of the total, and another five between 2% and 3%), the computation of statistically reliable indicators of scientific performance in the smaller ones requires a sizable sample. Therefore, after the elimination of observations with missing values for some variables, the empirical exercise conducted in this paper refers to 3,654,675 articles published in 1998-2002. A five-year citation window has been selected for all fields, so that articles published in 1998 receive citations during the 1998-2002 period, articles published in 1999 receive citations in the 1999-2003 period, etc. The total number of citations amount to 28,296,113.
The assignment of articles to geographical areas
In any field, an article might be written by one or more scientists working in only one of the three geographical areas, or it might be co-authored by scientists working in two or three of them. The partitions of each field's articles into the seven possible sub-groups, as well as the percentage distribution of the total number of articles by field, are presented in Table 1 . The 20 fields in the natural sciences are organized in three large aggregates: Life Sciences, Physical Sciences, and Other Natural Sciences. The last two represent, approximately, 28.5% and 25.5% of the total, while the Life Sciences represent about 41%. The remaining 5% corresponds to the two Social Sciences (column 9 in Table 1 ).
Not surprisingly the degree of international co-authorship (columns 4-7 in Table 1 ) is largest in Space Science where it represents 33.4% of the total. In six fields (Mathematics, Microbiology, Molecular Biology and Genetics, Physics, and Geosciences) this percentage is approximately between 15% and 20%, while in eight fields (Social Sciences, Psychiatry and Psychology, Agricultural Sciences, Multidisciplinary, Pharmacology and Toxicology, Materials Science, Chemistry, and Engineering) international co-authorship is relatively less important representing only between 5% and 11% of the total. For all sciences as a whole, the percentage of internationally co-authored articles is 12.8%; the most important type is the co-authorship between the EU and the RW with a 5.2% percentage. As will be seen in Section 4.4, these relatively small percentages of internationally co-authored articles play a crucial role in most fields.
Articles are assigned to geographical areas according to the institutional affiliation of their authors as recorded in the TS database on the basis of what had been indicated in the by-line of the publications. The assignment of internationally co-authored papers among areas is problematic (For a discussion, see inter alia Anderson et al., 1988) . From a U.S. geopolitical point of view, for example, we want to give equal weight to an article written in a U.S. research center as we give to another co-authored by researchers from a U.S. and a European university. Thus, as in the classical studies by May (1997) and King (2004) , for most purposes in this paper in every internationally co-authored article a whole count is credited to each contributing area. Therefore, articles co-authored by one or more scientists affiliated to institutions in two areas are counted twice, while articles co-authored by persons in the three areas are counted three times. Only domestic articles, or articles exclusively authored by one or more scientists affiliated to research centers either in the U.S., the EU, or the RW alone, are counted once. The total number of articles in such extended count is 4,150,577, or 13,6% more than the standard count where all articles are counted once. Similarly, the total number of citations in the extended sample is 20.2% greater than the one in the standard dataset. Table 2 informs about the percentage distribution of the extended number of articles by field and by geographical area. It is observed that the world distribution of extended articles (column 4) is rather close to the original one (column 9 in Table 1 ). On the other hand, the domestically produced articles in the U.S., the EU, and the RW represent 25,4%, 27,8%, and 34.1% of the total in the original distribution (last row for columns 1-3 in Table 1 ), while in the extended count, these percentages become 29%, 32.3%, and 38.7% (last row for columns 5-7 in Table 2 ).
The choice of the CCL
In economics, there is a general agreement that the measurement of economic poverty involves an irreducible, absolute core that should be addressed by fixing an absolute poverty line common to all countries in the world. 3 However, after World War II it was observed that, at any reasonable absolute poverty line, there would be no absolute poverty in the developed part of the world. Therefore, a notion of relative poverty was introduced where the poverty line is fixed at a certain percentagetypically 50% or 60% -of mean or median income. In citation space, there are also two alternatives in every homogeneous field. Firstly, a relative approach in which a CCL for each geographical area is fixed, for instance, as a multiple of the mean or the median, or at a given percentile of the area's citation distribution. Secondly, an absolute approach in which a CCL for the entire field is fixed as a function of some characteristic of the world citation distribution. In our experience, it is generally agreed that what happens at the world level in any scientific field constitutes a natural reference for the evaluation of the performance of any type of research unit in that field. Therefore, we suggest fixing the CCL at some percentile of the original world distribution in every science. Taking into account the skewness of citation distributions, this paper studies the cases where the CCL is fixed at the 80th or the 95th percentiles. Table 3 informs about the absolute number of citations, the multiple of the mean that this number represents, and the percentage of the total number of citations received by the high-impact articles in each case. In most fields the number of citations corresponding to the 80th percentile is rather low (column 1): equal to or smaller than eight in nine cases, and from 10 to 13 in seven other fields, with a maximum of 29 citations for Molecular Biology and Genetics. However, the considerable differences in citation practices across fields clearly reveal themselves when the 95 th percentile is reached (column 4): among the Social, Physical and Other Natural Sciences the CCL varies from nine to 38 citations, while in eight Life Sciences the range goes from 25 to 74. The maximum of 74 in Molecular Biology and Genetics is more than eight times greater than the minimum of nine citations in Mathematics.
Interestingly, the range of variation of the number of citations when the CCL is fixed at the 95 th percentile is dramatically reduced after normalization by the MCR (column 5). This is a consequence of the fact that, although the scale of the distribution -measured, for example, by a sufficiently large citation percentile or the MCR -is very different across sciences, the shape of the distribution is very similar indeed. This is confirmed by the relatively reduced range of variation of the (very high) percentages of total citations above the 80th or the 95th percentiles (columns 3 and 6). 4 Of course, the fact that -with some exceptions -the shapes of the 22 citation distributions under study share many common features, tells us nothing in advance about how similar or different are the shapes of the three geographical areas' citation distributions under study when their high-and low-impact aspects are measured by the FGT indices presented in Section 2. This is the question investigated in the next section.
Empirical results
This section requires the computation of a rather large number of indicators. Consider the partition of the original number of articles in each field in seven subgroups, one for each type of authorship (as in Table 1 ). For each subgroup, the following six statistics are needed: three values for the members of the FGT high-impact family corresponding toˇ= 0, 1, and 2, and three values for the corresponding members of the FGT low-impact family. Two overall, aggregate indicators must be also included. The first, which will be used in Section 4.4, is simply the sum of the seven subgroups' indicators weighted by the subgroups' publication shares. The second overall indicator, which will be used in Section 4.1, is somewhat more complex because it is the one that aggregates the indices for the three geographical areas in the extended count. These seven indicators for each field, as well as the two overall ones, are presented in Table A in the Appendix where the construction of the last two is explained in detail.
Incidence, intensity, and citation inequality according to FGT indicators
As indicated in Section 1, the first research question in this paper is the study of the consequences of measuring only the incidence, or also the intensity and the inequality aspects of the high-and the low-impact characteristics of the different geographical areas. For this purpose, recall from Albarrán et al. (2010c) that the FGT family of high-impact indicators is decomposable in the sense that, given a CCL z and a given parameter valueˇ, the overall high-impact measure for any field with citation distribution x can be expressed as
where Hˇ(x k ; z) is the high-impact index value for area k = U.S., EU, RW, and ω k is the area's publication share in the total extended number of articles in the field. Similarly, the overall low-impact measure can be expressed as
where Lˇ(x k ; z) is the low-impact index value for area k. To interpret the results below adequately, it is important to make explicit that, from a normative point of view, for any area k it is preferable to have a high Hˇ(x k ; z) and a low Lˇ(x k ; z). 5 In order to quantify the relative situation of any area, it is convenient to refer to the ratio ω k Hˇ(x k ; z)/Hˇ(x; z) as area k's observed contribution (OC hereafter) relative to the overall high-impact level for thatˇ. We may ask: what is this area's relative expected contribution (EC hereafter) to that level? Clearly, its publication share ω k . Thus, the ratio OC/EC = Hˇ(x k ; z)/Hˇ(x; z) is greater than, equal to, or smaller than one as area k OC is greater than, equal to, or smaller than area k EC. Similarly, the ratio Lˇ(x k ; z)/Lˇ(x; z) is greater than, equal to, or smaller than one as area k OC is greater than, equal to, or smaller than area k EC. On the other hand, for any field's citation distribution x, any CCL z, anyˇ, and any two geographical Table 4A The ratio of observed contributions (OC) to high-impact overall levels to expected contributions (EC) By geographical area in every scientific field a the OC captures only the incidence (ˇ= 0), the incidence and the intensity (ˇ= 1), or the incidence, the intensity, and the inequality (ˇ= 2) of the high-impact phenomenon.
United States
European Union Rest of the worlď = 0ˇ= 1ˇ= 2ˇ= 0ˇ= 1ˇ= 2ˇ= 0ˇ= 1ˇ= 2 (1) (2) (3) (4) (5) (6) (7) (8) In row (1) Clinical Medicine, for example, when only the incidence of the high-impact phenomenon is taken into account: (i) the U.S. OC according to H0 is 30% above the corresponding EC; (ii) the EU OC according to H0 is 5% below the corresponding EC, and (iii) the RW OC according to that index is 25% below the corresponding EC. When the aggregate gap between the citations received by high-impact articles and the CCL is taken into account, the U.S. OC according to H1 is 42% above the EC. Finally, when the citation inequality among high-impact articles is also taken into account, the U.S. OC according to H2 is 55% above its EC. a In any field and any column, a cell value is greater than, equal to, or smaller than one when the geographical area's observed contribution (OC) to the world high-impact level is greater than, equal to, or smaller than the area's publication share (or expected contribution, EC) in the extended citation distribution.
areas k and l, it is obvious that
The information about the ratios Hˇ(x k ; z)/Hˇ(x; z) and Lˇ(x k ; z)/Lˇ(x; z) for every k, every field, and everyˇin the two FGT families of high-and low-impact indicators is in Tables 4A and 4B , where the meaning of the numbers is explained. The results are illustrated in Figs. 1 and 2 , where the left bars are for the U.S., the middle bars for the EU, and the right bars for the RW. In each field and each area, the three bars in Figure 1 reflect the ratios Hˇ(x k ; z)/Hˇ(x; z) forˇ= 0, 1, and 2. Similarly, the three bars in Fig. 2 reflect the ratios Lˇ(x k ; z)/Lˇ(x; z) forˇ= 0, 1, and 2.
4.1.1. High-and low-impact rankings As pointed out in the notes to Table 4A , in Clinical Medicine the ratio OC/EC is strictly greater in the U.S. than in the EU, and in the latter than in the RW whenˇ= 0. Hence, by expression (3) in Section 4.1 it can be concluded that in Clinical Medicine the high-impact level according to H 0 is strictly greater in the U.S. than in the EU, and in the latter than in the RW. As a matter of fact, this is the same ranking that is observed in Table 4A and Fig. 1 for all fields and all values ofˇ(with the exception of Immunology, where the high-impact level according to H 2 is strictly smaller in the EU than in the RW). Similarly, in Table 4B and Fig. 2 it is observed that the low-impact level according to all indicators is strictly lower in the U.S. than in the EU, and in the later than in the RW (except in Engineering, where the low-impact level according to L 1 and L 2
Table 4B
The ratio of observed contributions (OC) to low-impact overall levels to expected contributions (EC) by geographical area in every scientific field a the OC captures only the incidence (ˇ= 0), the incidence and the intensity (ˇ= 1), or the incidence, the intensity, and the inequality (ˇ= 2) of the low-impact phenomenon.
United States
European Union Rest of the worlď = 0ˇ= 1ˇ= 2ˇ= 0ˇ= 1ˇ= 2ˇ= 0ˇ= 1ˇ= 2 (1) (2) (3) (4) (5) (6) (7) (8) In row (1) Clinical Medicine, for example, when only the incidence of the low-impact phenomenon is taken into account it can be seen that the U.S., the EU, and the RW OC according to L0 is 8% below, 1% above, and 7% above the corresponding EC, respectively. a In any field and any column, a cell value is greater than, equal to, or smaller than one when the geographical area's observed contribution (OC) to the world low-impact level is greater than, equal to, or smaller than the area's publication share (or expected contribution, EC) in the extended citation distribution.
in the U.S. is equal to or strictly greater than in the EU). 6 These results show the overwhelming superiority of the U.S. in all sciences from an ordinal point of view.
High-and low-impact cardinal comparisons
Coming now to the cardinal aspects, the question is: does the relative situation of the geographical areas differ when they are evaluated according to different members of the FGT families? For a detailed answer, the reader must consult Tables 4A and 4B, while Figs. 1 and 2 facilitate a qualitative illustration.
Starting with high-impact levels and the U.S. case, as parameterˇtakes values 0, 1, and 2 the ratio OC/EC strictly increases in 21 fields, and remains constant in the remaining case (Space Science forˇ= 1, 2). These increases are considerable (columns 1-3 in Table 4A ): at a minimum, in Immunology and Space Science it is of five or eight percentage points, while in Materials Science, the Multidisciplinary field, Mathematics, and Physics, the increases are between 62 and 80 percentage points. All in all, the U.S. occupies a dominant position in the world in all fields: whenˇ= 2 (column 3 in Table 4A ), the ratio OC/EC goes from a low 33-39% (in Social Sciences, Immunology, and Space Science) to a high 97-154% (in Mathematics, Chemistry, Materials Science, and the Multidisciplinary field). Essentially, as can be seen in columns 7-9 in Table 4A and Fig. 1 , the RW presents the opposite pattern: the ratio OC/EC systematically decreases asˇincreases except in Immunology and Computer Science. In the latter field, the OC is 8% below the EC according to H 2 . This is the RW's most favorable case, since the OC according to H 2 is from 36% to 67% below the corresponding EC in 20 disciplines (column 9 in Table 4A ).
Finally, the EU high-impact performance is not very impressive. The OC/EC ratio in the EU continuously decreases aš increases in 16 cases, including six in which that ratio starts being above one whenˇ= 0 to being below one wheň = 2 (Microbiology, Physics, Mathematics, Materials Science, Geosciences, and Environment and Ecology). Thus, when the incidence, intensity, and inequality aspects are taken into account (column 6 in Table 4A ), the OC/EC ratio according to H 2 in the EU is well below one in many fields (Materials Science, Geosciences, and Environment and Ecology, the two Social Sciences, all Physical Sciences except Chemistry, and all Life Sciences except Pharmacology and Toxicology). This means, of course, that the high-impact level of the EU in those fields is below what can be expected from its publication share. This ratio is above one in four cases (Engineering, Plant and Animal Science, Multidisciplinary, and Pharmacology and Toxicology), and considerably greater than one only in Agricultural Sciences and Chemistry. These two fields provide a good example of the subtleties captured in this approach. According to H 0 (column 4 in Table 4A ), Agricultural Sciences in the EU do rather better than Chemistry. This is exactly what we found with J. Crespo in Albarrán, Crespo, Ortuño, & Ruiz-Castillo (2010a) where only incidence aspects are taken into account. However, when the intensity and inequality dimensions are incorporated in H 2 Chemistry comes practically equal to Agricultural Sciences (column 6 in Table 4A ). As far as low-impact levels is concerned, the U.S. contribution to overall low-impact levels in Clinical Medicine according to L 0 , L 1 , and L 2 is 8%, 13%, and 16% below what could be expected from its publication share (columns 1-3 in Table 4B ). As can be clearly seen in Fig. 2 , this is again a general pattern that clearly speaks about the U.S. good scientific performance: when the CCL is fixed at the 80th percentile of the world original distribution, the U.S. OC/EC ratio is slightly below one in all sciences when only the incidence aspect is taken into account. But in all cases this ratio decreases, and hence the U.S. performance improves, as the intensity and the inequality aspects enter into the picture. Whenˇ= 2 (column 3 in Table 4B ), the U.S. OC according to L 2 is between 5% and 20% percentage points below the corresponding EC in 14 fields, and between 21% and 31% in six more fields (Geoscience, Space Science, Biology and Biochemistry, Microbiology, Chemistry, and the Multidisciplinary field). As before, in the RW the situation is completely reversed. When only the incidence aspect is considered (column 7 in Table 4B ), the OC is always four to 11 percentage points above the EC, but whenˇ= 2 (column 9 in Table 4B ) the OC/EC ratio is always greater than according to L 0 , and in 11 cases the OC is about 16 percentage points above the EC. The EU presents mixed but moderate results. In 15 cases the OC/EC ratio decreases asˇincreases, while in five cases it remains essentially constant. But in eight disciplines out of these 15 the changes in absolute value are below six percentage points. The OC/EC ratio whenˇ= 2 (column 6 in Table 4B ) is greater than or equal to one in eight cases (including the two Social Sciences, Neuroscience and Behavioral Science, Psychology and Psychiatry, as well as Clinical Medicine and Immunology). On the bright side, the OC is at least seven percentage points below the EC in most Physical and Other Natural Sciences (except Computer Science, and Space Science), with Agricultural Sciences, and Chemistry on top.
In brief, considering only the percentages of high-and low-impact articles (ˇ= 0), or adding up the aggregate citation gap between high-impact articles and the CCL or between the CCL and low-impact articles (ˇ= 1), or including the effect of distributional considerations (ˇ= 2) generates important differences in all areas. Specifically, the relative scientific performance of the U.S. with respect to both the high-and the low-impact characteristics of citation distributions are essentially reinforced for all sciences asˇincreases. The opposite is the case for the RW, while for the EU the results are more mixed: except for some important exceptions, the high-impact performance of the EU leaves much to be desired asˇincreases, while the low-impact performance improves in a majority of cases but -with some exceptions also -by a reduced order of magnitude.
Therefore, in the rest of this section it would suffice to use the high-and low-impact indicators H 2 and L 2 that simultaneously include the incidence, the intensity, and the inequality of the phenomena in question.
Publication shares and high-and low-impact levels
The previous sub-section established a clear high-and low-impact ranking -the U.S. above the EU, and the EU above the RW -independently of the member of the two FGT families used in the evaluation (with only two exceptions). However, the RW leads in publication share in 13 fields, the EU in three, and the U.S. in the remaining six (see columns 3-7 in Table 2 ). This contrast should serve to conclude without further statistical analysis that the connection for any geographical area between having a large publication share in a given field and a good index of high-or low-impact is practically non-existent.
A different matter is the relationship between the publication effort devoted to the various fields in each geographical area (columns 1-3 in Table 2 ) and the high-and low-impact levels achieved by this area across fields. In a linear model, the Pearson correlation coefficient between publication efforts and high-impact levels according to H 2 is only −0.09 for the U.S., 0.11 for the EU, and essentially 0 for the RW. On the other hand, the Pearson correlation coefficient between publication efforts and low-impact levels according to L 2 is 0.05 for the U.S., 0 for the EU, and −0.18 for the RW. Thus, except perhaps for the weak negative association between publication effort and a good low-impact performance in the RW case, there is practically no connection between these variables.
The conclusion is inescapable: a large publication share by a geographical area in a given field does nor guarantee a good performance by this area in terms of a large high-impact level or a small low-impact index in that field. Similarly, a large publication effort in specific fields by any of the three large geographical areas does not guarantee a relatively good performance in those fields. 
The effect of changes in the CCL
The third research question is the study of how the relative situation of each area in each field according to H 2 and L 2 varies when the CCL is increased. Table 5 provides the relevant information when the CCLs are fixed at the 80th and the 95th percentiles of the original citation distributions at the world level.
Let us begin with the consequences of the change in the CCL over the OC/EC ratios according to H 2 . One of the properties of the FGT families of high-impact indicators is that when the CCL is raised, say from z to z , for anyˇthe high-impact level of any citation distribution necessarily increases; that is, Hˇ(x; z) < Hˇ(x; z ) for all x andˇ. However, for any particular area k the relationship between the ratio H 2 (x k ; z )/H 2 (x; z ) and H 2 (x k ; z)/H 2 (x; z) is an empirical question.
In the first place, it turns out that the relative situation of the U.S. improves in 17 cases, that is, the U.S. OC/EC ratio increases as the CCL is raised (compare columns 1 and 2 in Table 5 ). However, only in nine fields do these increasesthat take place through a worsening of the relative position of both the EU (columns 3 and 4) and the RW (columns 5 and 6) -represent more than 15% of the level that the U.S. already achieves when the CCL is fixed at the 80 th percentile. In the second place, the situation in Immunology and Computer Science is quite exceptional. The OC/EC ratio for the U.S. remains essentially constant, while that of the EU is reduced. Therefore, this ratio for the RW increases as the CCL is raised. It should be emphasized that these are the only instances in which the RW scientific performance evolves so favorably since in all remaining fields the OC/EC ratio of the RW worsens or remains constant as the CCL increases. However, the order of magnitude of such reductions is again rather moderate (the worsening is below 10% of the level reached at the lower CCL, except in four fields where the RW's CO is already very low when the CCL is at the 80th percentile (Engineering, Environment and Ecology, Social Sciences, General, and Biology and Biochemistry). In the third place, in the other three cases in which the U.S. ratio worsens (Pharmacology and Toxicology, Space Science, and Chemistry), the beneficiary is the EU. This is a rather exceptional situation, since in only two other instances (Geosciences and Agricultural Sciences) does the EU ratio increasealbeit by one percentage point -when the CCL is raised. In 15 fields the performance of the EU slightly worsens (by less than 10%), or remains essentially constant. The deterioration of its OC/EC ratio above that percentage takes place in fields where the EU is already weak when the CCL is fixed at the 80th percentile (Microbiology, Psychology and Psychiatry, Mathematics and, as has already been pointed out, Immunology). Table 5 The relative contribution to high-and low-impact overall levels by geographical area in every scientific field whenˇ= 2 and the critical citation line (CCL) is equal to the 80th and the 95th percentile of the original citation distribution. *In any field and any column, a cell value is greater than, equal to, or smaller than one when the geographical area's observed contribution (OC) to the world high-or low-impact level is greater than, equal to, or smaller than the area's publication share (or expected contribution, EC) in the extended citation distribution.
On the other hand, one of the properties of the FGT families of low-impact indicators is that when the CCL is raised, say from z to z , for anyˇthe low-impact level of any citation distribution necessarily decreases; that is, Lˇ(x; z) > Lˇ(x; z ) for all x andˇ. However, for any particular area k, the relationship between the ratio L 2 (x k ; z )/L 2 (x; z ) and L 2 (x k ; z)/L 2 (x; z) is again an empirical question.
Note that in the right-hand side of Table 5 (columns 7-12) the order in which the results are presented has changed: now the results for the 80th percentile come before than those for the 95th percentile. Very briefly, the U.S. OC/EC ratio increases, and hence the U.S. performance worsens, as the CCL increases in all 22 fields (compare columns 7 and 8 in Table 5 ). The same is the case for the EU in 15 fields; therefore, in the remaining seven disciplines the relative situation of the EU improves or remains constant (columns 9 and 10). However, since these improvements are really minimal, it turns out that the OC/EC ratio of the RW improves in all sciences (columns 11 and 12). Not surprisingly, such an improvement is greater when the contribution of the RW to the low-impact levels is large at the lower CCL, and when the worsening of the U.S. and the EU situations is greater (as in Biology and Biochemistry, Neuroscience and Behavioral Sciences, Molecular Biology and Genetics, Microbiology, Space Science, Agricultural Sciences, and Geosciences).
As we saw in Section 3.3, the change of the CCL from the 80th to the 95th percentile has large consequences for the volume of citations accounted for by low-and high-impact articles: for many sciences the percentage of total citations received by high-impact articles is reduced from 60-70% to 27-35% (columns 3 and 6 in Table 3 ). However, with some exceptions, it can be concluded that the impact of this change on the relative positions of the three geographical areas is relatively small.
The effect of international co-authorship 7
As indicated in Section 1, this issue has two parts. Firstly, how do internationally co-authored articles fare versus domestic articles, namely, those written by people working in institutions belonging to just one of the three geographical areas? Table 6 The contribution of authorship types to high-impact worldwide levels in the original citation distribution for every scientific field a parameterˇ= 2, and critical citation line z = 80th percentile of the original citation distribution. Secondly, what role do internationally co-authored articles play in each of the areas? For the first question we should work with the original distributions in all fields. For reasons of space we will exclusively discuss the high-impact aspects. As already indicated, the information about the FGT indices for the seven subgroups in the partition by authorship type, as well as for the world as a whole, are in columns 1-8 in Table A in the Appendix. However, the ratios H 2 (x j ;;z)/H 2 (x;;z) for j = 1,. . .,7 and for a CCL fixed at the 80th percentile, are in Table 6 (results on low-impact levels are available on request).
As has been repeatedly observed in the literature, international co-authorship as a whole is vastly successful. 8 However, in our data set there are some differences worth emphasizing. Firstly, except for Computer Science, the OC according to H 2 is always greater than the EC for articles written in the three areas (column 7 in Table 6 ). In particular, the ratio OC/EC is in the (1, 5) interval in 12 fields, in the (5, 7) interval in five fields, and greater than seven in four remarkable cases: 10.6 in Physics, 13.7 in Clinical Medicine, 14 in Geosciences, and 37.9 in Chemistry (!). This is a clear indication of the presence in this group of those articles receiving the highest number of citations that, from a statistical point of view, often constitute extreme observations. Secondly, the cooperation between the U.S. and the EU is almost as successful, with the OC/EC ratio in the interval [1.4, 3.2] in nine fields, in the interval (5, 6) in two cases, and equal to 6.7 in Computer Science (column 4). Thirdly, the cooperation between the U.S. and the RW yields also rather favorable results with the ratio OC/EC in the (1, 2) interval in 16 cases, in the (2, 3) interval in four cases, and equal to 11.4 in Computer Science (column 5). Fourthly, things are considerably different in the cooperation between the EU and the RW (column 6). The OC/EC ratio for this type is only clearly above one in three fields (Clinical Medicine, Multidisciplinary, and Social Sciences, General). 9 Finally, the correlation coefficient between the publication effort (columns 4-7 in Table 1 ) and the corresponding H 2 (x j , z) levels for co-authorship types (columns 4-7 in Table A in the Appendix) are far from being significant. For instance, the Spearman rank correlation coefficient are −0.04, −0,02, −0.003, and −0.31, respectively. Thus, a greater publication effort in a field by a co-authorship type does not guarantee a high-impact level in that field. Table 7 The contribution of authorship type subgroups to high-impact geographical area levels in the expanded citation distribution for every scientific field a parameterˇ= 2, and critical citation line z = 80th percentile of the original citation distribution (1) the relative contribution of articles written in the U.S. (EU or RW) alone to the high-impact level of the U.S. (EU or RW); (2) the relative contribution of articles co-authored in the U.S. and the EU (EU and U.S., or U.S. and RW) to the high-impact level of the U.S. (EU or RW); (3) the relative contribution of articles co-authored in the U.S. and the RW (EU and RW, or RW and EU)) to the high-impact level of the U.S. (EU or RW); (4) the relative contribution of articles co-authored in the U.S., the EU, and the RW to the high-impact level of the U.S. (EU or RW).
United States
European Union Rest of the world a In any field and any column, a cell value is greater than, equal to, or smaller than one when the authorship type's observed contribution (OC) to the world high-impact level is greater than, equal to, or smaller than the type's publication share (or expected contribution EC) in the extended citation distribution.
By way of contrast, the domestic performance of the EU and the RW is much less successful: the OC/EC ratio is above one only in four fields (Plant and Animal Science, Pharmacology and Toxicology, Chemistry, and Agricultural Sciences) in the EU and for no field at all in the RW (columns 2 and 3 in Table 6 ). The situation of domestic articles written in the U.S. is considerably different: the ratio OC/EC is below one only in Computer Science, in the interval (1, 2) in 17 fields and equal to or greater than two in four remarkable cases (Mathematics, Physics, Materials Science, and Multidisciplinary). Nevertheless, it is worth emphasizing that this ratio for the U.S. domestic articles is always smaller than at least one of the three co-authorship types involving the U.S. itself.
For the second part of this issue, it is necessary to get back to the extended citation distributions. For a given area, say the U.S., the ratios H 2 (x j ; z)/H 2 (x; z) for j = domestic U.S. articles, U.S. + EU, U.S. + RW, and U.S. + EU + RW are presented in Table 7 . The first thing to note is that there are two fields in which international co-authorship is essential: Computer Science, where the cooperation between the U.S. and the EU, and the U.S. and the RW is totally dominant, and Space Science, where the cooperation between the U.S. and the EU, and between the three areas is equally important. In the second place, when the U.S. domestic articles compete with those internationally co-authored within the expanded count, the ratio OC/EC for the U.S. alone is equal to or above one in only two fields (biology and biochemistry, and materials science). Moreover, in both cases this ratio is below the one for the subgroup in which the three areas cooperate. This indicates that, even for the U.S., international co-authorship tends to be decisive. 10 This conclusion cannot but be reinforced for the EU. The ratio OC/EC for the EU domestic articles is always below one. This means that in each of the six fields in which the EU as a whole contributes to the overall high-impact levels above what could be expected from its publication share in Table 4A (Agricultural Sciences, Chemistry, Multidisciplinary, Pharmacology and Toxicology, Plant and Animal Science, and Engineering), the explanation lies in international co-authorship. As a matter of fact, international co-authorship is so important for the EU that, without it, the OC/EC ratio of the domes-tic EU articles is far below one in fields as important as Geosciences (0.46), Physics (0.51), Economics and Business (0.52), Clinical Medicine (0.56), Mathematics (0.66), and Molecular Biology and Genetics (0.66). Finally, the RW domestic articles perform dramatically worse in every single field than those written in collaboration with the U.S., or with both the U.S. and the EU.
Conclusions
This paper has presented the first empirical applications of a novel method to evaluate the impact of research units in a homogeneous scientific field. Given a CCL fixed at a sufficiently high percentage of the world citation distribution, the procedure calls for the computation of a pair of high-and low-impact indicators to describe key features of a research unit's citation distribution. A companion paper (Albarrán et al., 2010c ) provides a strong justification for the use of the FGT families of high-and low-impact indicators. These indicators have been applied to the citation distributions of 22 fields, consisting of articles published in 1998-2002 with a five-year citation window. The remainder of this concluding section summarizes the main results of this investigation, and briefly comments on a number of possible extensions.
Main results
Among the main results, a distinction is made between those of a methodological and a substantive type. From a methodological point of view three points should be mentioned:
1. The additive decomposability property of the two FGT families has provided a convenient framework, never used before in the bibliometric literature, in the study of three related partitions: the partition of the original world-wide citation distribution in each field into seven authorship types (Table 6 ), the partition of the extended distributions in three large geographical areas by authorship type (Table 7) , and the partition of the extended distribution for the world as a whole into the three geographical areas, namely, the U.S., the EU, and the RW (Tables 4A and 4B and Figs. 1 and 2 ). In each case, the observed contribution of any subgroup to the overall high-or low-impact level is compared to the subgroup's expected contribution that coincides with its publication share in the field in question. 2. The approach advocated in this paper emphasizes the distinction between the incidence, the intensity, and the inequality of the high-and the low-impact aspects of any citation distribution. The results in Section 4.1 indicate that to use parameter valuesˇ= 0, 1, or 2 to identify the members of the FGT families that successfully capture these dimensions make a considerable empirical difference. 3. Quite unexpectedly, in Section 4.3 it was found that, as far as the high-impact is concerned, raising the CCL from the 80th to the 95th percentile of the world citation distribution does not dramatically alter the relative situation of geographical areas and/or scientific fields -a fact that would have to be checked among smaller research units and scientific sub-fields, as well as for even higher CCLs. Among substantive results, the following four will be emphasized: 4. The U.S. occupies a truly enviable position in the two directions investigated in this paper: its observed contribution to the world high-impact level in the extended citation distribution is greater than what is expected from its publication share in all fields; and its relative contribution to the world low-impact level is also smaller than expected in all fields. Part of this success is indeed due to the international cooperation with the other two areas. In the partition of the U.S. stock of articles into domestic and internationally co-authored publications, the contribution to the U.S. domestic articles to the U.S. high-impact level is always smaller than that of some of the types of international co-authorship. Nevertheless, in the partition of the world articles into the three domestic subgroups and the four types of international co-authorship, the contribution of the U.S. domestic articles to the overall high-impact level is greater than what is expected from its publication share in 21 of the 22 fields -showing again the outstanding performance of the research done in U.S. institutions. 5. By comparison, the situation of the EU is worrisome. Its contribution to the world high-impact level is strictly above its publication share in the extended distribution in only six fields (Agricultural Sciences, Chemistry, Multidisciplinary, Pharmacology and Toxicology, Plant and Animal Science, and Engineering), while its contribution to the world low-impact level is equal to or above its expected value in as many as eight fields. Furthermore, in all fields with a relatively good performance the EU success is very dependent on the international cooperation with the U.S. alone or with the U.S. and the RW simultaneously. 6. Perhaps not surprisingly, the situation of the very heterogeneous area RW is not good at all. Its best result indicates that its observed contribution to the world high-impact level in Computer Science and Immunology is 12% and 8% below what can be expected from its publication share in that field's extended citation distribution. But even this modest performance is due to the international cooperation with the U.S., or the U.S. and the EU simultaneously. Finally, it should be noted that the articles co-authored by the EU and the RW make a positive contribution only in six of the 22 fields (Clinical Medicine, Immunology, Engineering, Environment and Ecology, Multidisciplinary, and Social Sciences, General) .
7. The absolute number of articles authored by the RW is considerably larger than that of the EU or the U.S. in 13 fields. In turn, more articles are written in the EU than in the U.S. in 14 fields. Together with points 4-6, this indicates that an area's large publication share within a field is no guarantee at all of a good high-or low-impact performance. At the same time, publication efforts across fields within a geographical area are also unrelated to good high-or low-impact performances.
Possible extensions
This first attempt at applying a certain methodology to a large dataset admits several extensions, among which the following six should be mentioned. Firstly, it is important to know how this approach fares versus the alternatives. In Albarrán et al. (2010c) , this paper's results are compared with those that can be obtained for each geographical area using the alternative with better properties, namely, what we call the Leiden triad of indicators consisting of the mean citation rate, and the area's percentage contribution to the set of uncited papers and to the top 5% of highly cited papers in a given field.
Secondly, the analysis of international co-authorship has been very cursory. The unconditional comparisons between domestic and international articles have not even controlled for the number of authors as in Persson, Glänzel, and Danell (2004) . Furthermore, a proper treatment of this issue would have to explicitly model the self-selection aspect of this phenomenon pointed out in Narin, Stevens, and Whitlow (1991) and Glänzel and Schubert (2001) . On the other hand, a study of links strength, countries clustering, or the distinction between intra-and international cooperation in the EU would require the extension of this example to the many countries case.
Thirdly, just as the analysis can be extended to more countries or, more generally, to a larger set of research units, it can obviously be extended to a greater number of scientific sub-fields.
Fourthly, this framework can be profitably used for the analysis of inter-temporal trends. Recall that, for any partition, overall high-or low-impact levels can be expressed as the weighted average of each subgroup's high-or low-impact levels, where the weights are the subgroups' publication shares. Therefore, inter-temporal comparisons of overall levels can be accounted for by changes in publication share and by changes in subgroups' index values. A simple application of this decomposition can be found in Ortuño and Ruiz-Castillo (2010a).
Fifthly, one could think of many contexts in which having two statistics to describe a citation distribution's shape is very appropriate. However, it must be admitted that often the greatest interest is focused on the upper tail of citation distributions in a search for what can described as research excellence. In this respect note that, by raising the CCL, high-impact indicators increasingly become indicators of research excellence. But, as pointed out in Section 4.4, FGT and similar high-impact indices are very sensitive to extreme observations, namely, to the presence of one or a few articles with a phenomenal number of citations. In a sense, this is as it should be, because these articles do exist and the indices should reflect them. But at the same time one is also interested in completing our high-impact results with those obtained using robust indicators of research excellence, such as the h-index, first suggested by Hirsh (2005) for the evaluation of individual scientists but very soon used also for the evaluation of all sorts of research units. Thus, as indicated in Albarrán et al. (2010c) , the h-index and the procedures discussed in this paper have different properties, serve different purposes, and therefore constitute essentially complementary approaches to the same evaluation problem.
Finally, the approach presented in this paper can be questioned on two grounds. In the first place, ultimately 'any choice of a single measure. . .is apt to be arbitrary' (Foster, 1984, p. 242) , and so are the conclusions based on this measure. In the second place, any method to fix a CCL also includes a significant degree of arbitrariness. Since a high-or a low-impact measure may produce contradictory conclusions at two different yet equally reasonable CCLs, the use of a single CCL is also arbitrary, and so are the conclusions based upon this procedure. Borrowing results from the poverty literature in economics, Ortuño and Ruiz-Castillo (2010b) address these two issues for the measurement of both the high-and low-impact aspects of citation distributions. As indicated in Section 4, the last two columns contain two indicators at the overall, aggregate level whose construction deserve some explanation. Consider, for example, the first row in field (1), Clinical Medicine, corresponding to the FGT index H0. The first overall index is simply the sum of the seven subgroups' indicators weighted by the subgroups publication shares taken from Table 1 . The result listed in column 8 is 0.19 for H0. This is in spite of the fact that the CCL is the 80th percentile of the original citation distribution, which means that the high-and low-impact indicators whenˇ= 0, H0 and L0, should be equal to 0.20 and 0.80. The reason is that the CCL is typically rather low (see Table 3 ), and there is a large number of articles receiving exactly that low number of citations, which in the Clinical Medicine case is 13. Thus, it is natural to classify all these articles as low-impact ones, raising their percentage -i.e. raising L0 -above 0.80 and, correspondingly, lowering the percentage of high-impact articles -i.e. H0 -below 0.20. The second index aggregates the indicators for the three geographical areas in the extended count. Thus, it is the sum of the areas' indicators weighted by the areas' publication shares taken from the right-hand side of Table 2 . In turn, each area's indicator is the weighted sum of the corresponding subgroups' indicators. For example, the U.S. index in a given field is constructed by aggregating the indicators of the four subgroups formed by articles (i) written exclusively in the U.S., co-authored by (ii) U.S. and EU researchers, (iii) U.S. and RW researchers, and (iv) researchers from the three areas. The weights used in the aggregation are the publication shares of these four subgroups in the U.S. total. For instance, in Clinical Medicine in the U.S. case the number of articles in these subgroups are 229,151; 20,442; 25,050, and 5,133 (see Table 1 ) with a total of 279,776. Therefore, the publication shares 81.9; 7.3; 9.0, and 1.8 are used to weight the four H0 indicators 0.25, 0.40, 0.31, and 0.50 taken from the corresponding columns in the row identified byˇ= 00 in this Appendix. The resulting weighted sum for the U.S. is 0.27. Computing the corresponding magnitudes for the EU and the RW, the final weighted sum for Clinical Medicine as a whole is 0.21, the figure that appears in column 9 in the rowˇ= 0.
